Introduction {#sec1-1}
============

Today, many researchers in medicine and engineering areas are studying biomedical signal processing, especially electroencephalogram (EEG) signal processing, which is an important part of neuroscience. Generally, EEG signal processing has been used to evaluate behavioral disorders and abnormalities in the brain. As we know, the brain has many regions, and each one of these regions has one or more important tasks, so deficiency in each region emerges as a disorder and it can be represented by EEG signals. Therefore, we can determine different brain disorders by investigating EEG signals. Furthermore, memory is an interesting aspect of neuroscience which has taken into consideration among many researchers. Memory has many types; some researchers divided it into three distinct types: short-term memory, long-term memory, and sensory memory.\[[@ref1][@ref2][@ref3]\] In another division, working memory is a separate system too. Working memory stores and manipulates information temporarily,\[[@ref4]\] also it is a basic step in decision-making, acting behavior, solving problems, and reasoning. It also has important role in understanding music.\[[@ref5]\] However, there are many researches on working memory, but it is worthwhile. One of our goals is to investigate this worthy subject "working memory," since it is a critical part of our life, always we need to decide, for example, "what to eat?" and "what diode is appropriate for this apparatus?" In this study, we investigated EEG signals of pianists and nonpianists during working memory and iconic memory tasks. Iconic memory is part of visual sensory memory which can store high capacity of a very brief visual information.

Several studies about memory are in the field of evaluation effects of music. Schulze *et al*.\[[@ref6]\] investigated musicians and nonmusicians during verbal and tonal working memory examinations. They recorded functional magnetic resonance imaging (fMRI) data during certain stimuli from 17 nonmusicians and 16 musicians. Then, after preprocessing steps, different types of filters were used to remove artifacts, register, normalize, and used general linear model and compute *t*-value and Z-score. Significant differences were observed between two groups in Broca\'s areas, presupplementary motor area (SMA)/SMA, premotor cortex, inferior parietal lobe, and left insular cortex. Furthermore, there were differences among musicians during tonal and verbal working memory examinations in regions. These differences arise from differences in training musicians and some other parameters.

Researches shown working memory store and manipulate temporary information,\[[@ref4]\] and is like a bridge between sensory memory and long-term memory. Furthermore, it is like a bridge between sensory memory and long-term memory. People use working memory while thinking, translating, and playing some kinds of music. They concluded that people remember rhythmic words like B, V, E, C, and G, harder than phonetic words such as F, K, L, R, and X, since distortion and phonetic are similar. Moreover, because of this conclusion, Williamson *et al*., in 2010,\[[@ref7]\] examined musicians and nonmusicians while verbal and musical stimuli. They observed that there was not any effect of phonetic similarities on remembering musicians\' group. Because musician\'s ear trained a lot and is familiar with similar words and distortion happens less to them.\[[@ref7][@ref8]\]

Music can affect the structure of the brain; some researches focus on investigating effects of different types of music activities such as playing piano, this can affect the human brain. Han *et al*., in 2009,\[[@ref9]\] measured gray matter density and white matter integrity in two groups: professional pianists and normal people. This study used structural MRI and diffusion tensor MRI, and after processing brain images, these two groups observed that professional pianists had higher fractional anisotropy in their left sensorimotor cortex and right cerebellum and on the other hand had higher white matter integrity that normal people.

In this study, our aim was to measure functional connectivity from EEG signals of two groups of people, professional pianists and normal people and comparing the effects of music (playing piano) on memory. Functional connectivity computes the relationship between separate brain regions and coherence is one of the functional connectivity measures. This measure was not used in other studies of this field. Furthermore, as mentioned, studies almost used FMRI and MRI, but here we recorded our data using electroencephalography.

In this study, after recording EEG signals, we analyzed EEG standard frequency bands and then compute spectral coherence measure. Among several biomedical signal processing methods such as wavelet, empirical mode decomposition, and bispectrum, we used spectral coherence, since several studies showed that this measure generates more robust features and is suitable.\[[@ref10][@ref11]\]

Materials and Methods {#sec1-2}
=====================

Memory tests {#sec2-1}
------------

As we said earlier, memory is associated with the ability of storing information for short or long terms. In this study, we used Cambridge Neuropsychological Test Automated Battery (CANTAB) examinations to measure memory. CANTAB has common examinations in neuroscience which can evaluate memory, executive function, social and emotion, attention, and psychomotor speed. It has some examinations, but in this study, we only used two examinations, the pattern recognition memory (PRM) and the spatial working memory (SWM). In the PRM examination, every time, two separate samples have been shown to the subject, and in the following step, he/she must remember the shown sample in the last step and click on a key in front of his hand \[[Figure 1b](#F1){ref-type="fig"}\]. This examination is used to diagnose abnormalities and disorders at temporal lobe.\[[@ref12]\]

![View of (a) A step in spatial working memory exam. (b) A step in pattern recognition memory examination](JMSS-8-87-g001){#F1}

In the SWM examination, a number of colored boxes are shown to the person while he must find blue boxes which till fills up the column on the right corner of the screen and continues other steps \[[Figure 1a](#F1){ref-type="fig"}\]. This examination is done to evaluate the ability of people in remembering spatial information and remembering information in working memory.

Database {#sec2-2}
--------

In this study, 17 right-handed males from 17 to 35 years old participated in the. Ten subjects for professional pianist group and seven subjects for normal group. All of these subjects were in complete mental and physical health and never used alcohol and drugs. All of them slept at a certain time at the night before the recording EEG signals.

Professional pianists were selected from people who had well skills in playing piano and they all had 5-year skill in playing piano. In the other words, all of them could simultaneously play skillfully black and white keys with their hands while pressing pedal with their feet and reading music\'s sheets. Also, they can remember notes and play piano very well.

Normal group was people who had no skills in any kinds of music, especially piano. These people cannot synchronously use their eyes for reading notes and their hands for playing piano.

EEG signals were recorded while participants were seated on a chair in a dark room. 19 EEG channels were recorded according to 10--20 international recording system. These signals were recorded at 128 Hz sampling frequency with EEG amplifier, BE Light system (EbNeuro, Italy). Reference electrodes were placed on the right and left ears. Before recordings begun, we asked from participants to be relaxed for 1 min. EEG signals were recorded in four stages. In the first stage, EEG signals were recorded for 90 s, whereas participants had closed their eyes and were seated calm on a chair. In Stage 2, participants listened carefully to a text which were related to logic memory examination (listening memory examination) and then repeated those words which listened. This stage lasts 150 s. In Stage 3, we evaluated visual memory. In this stage, participants done PRM examination while laptop was on his/her feet. This stage lasts 180 s. Moreover, in Stage 4, SWM examination done for 180 s. [Figure 2](#F2){ref-type="fig"} shows a participant while recording EEG signals for Stage 3 and 4. In this study, we used EEG signals of Stage 3 and 4 which belongs to PRM and SWM tests, respectively.

![A participant while recording electroencephalogram signals for three and four stages](JMSS-8-87-g002){#F2}

Processing electroencephalogram time series {#sec2-3}
-------------------------------------------

Block diagram of our proposed method is shown in [Figure 3](#F3){ref-type="fig"}. In this study, we used EEGLAB software, version 13.6.5 to process our EEG signals. After recording EEG signals, the preprocessing step begun. Despite this fact that all the participants tried to be calm during recording EEG signals, but sometimes they blinked or moved, and it was unavoidable, so we used independent component analysis (ICA) method to eliminate artifacts. ICA is a technique which can separate linearly combined sources and in this way detects and eliminates artifacts from EEG signals. This technique can be used for non-Gaussian or dependent sources. In this study, ICA detected and eliminated blink, muscles, and occipital artifacts \[[Figure 4](#F4){ref-type="fig"}\]. Blink impresses prefrontal channels (Fp1 and Fp2) so ICA can detect that. If brain activities increase in occipital channels (O~2~ and O~1~ channels), ICA detects these activities and we can eliminate occipital artifacts. Moreover, muscle artifacts can be seen in temporal (T7 and T8) and close sites near that so ICA detects that.\[[@ref13][@ref14]\]

![Block diagram of our proposed method](JMSS-8-87-g003){#F3}

![Independent component analysis panel and detected artifacts on electroencephalogram channels](JMSS-8-87-g004){#F4}

After this step, we used SIFT toolbox to compute spectral coherence, the functional connectivity measure. First, we detrened EEG signals using this toolbox, then fitted a model to estimate connectivity measure. There are several models which can fit EEG signals; adaptive multivariate autoregressive modeling is the most common model. We chose modeling approach based on segmentation variate autoregressive. This approach is based on Fourier transformation and windowing techniques. Furthermore, we used Vierio-Morph algorithm which uses multichannel geometric mean without using least square. Here, two parameters were important: window length and window step size. We chose these parameters with try and error, window length, and window step size obtained equal to 3 and 1 s, respectively. After that, we must choose the model order, P. We must choose model order which minimizes the information of measured criterion Schwarz-Bayes Criterion (SBC). There are two important keys in this criterion, one is the prediction of error and the other is the free parameter, which increases as model order increases.\[[@ref15]\]

SBC (also known as Bayes Information Criterion) is computed as:

![](JMSS-8-87-g005.jpg)

Where, *p* is the model order, M is the number of variables, and ![](JMSS-8-87-g006.jpg) is the total sampling time. In this study, we tried a model order from 1 to 30 and *p* equal to 9 or 10 and applied this criterion. Then to evaluate selected model, we used whiteness, stability, and consistency. for more information review.\[[@ref15][@ref16][@ref17]\] To evaluate model, we used autocorrelation function (ACF) with significant level 90% to compute whiteness. After that, we computed coherence as our connectivity measure. Then, we computed frequency bands of EEG signals: theta, delta, alpha, beta, and gamma bands to compute spectral coherence.

Spectral coherence {#sec2-4}
------------------

Coherence is some kinds of connectivity measures which calculates the similarity between two signals from different regions, in the other hand; for EEG signals, it measures the similarity between two EEG signals from different brain regions. Coherence evaluates phase similarity of two signals and if these two signals have identical phases, whether they have identical or different amplitudes, they have the most value of coherence. It can say that, coherence evaluates time or frequency stability between regions of the brain. It is said that coherence is associated with learning language, music, and planning.\[[@ref18][@ref19]\]

Spectral coherence is the value of matching and synchronization between two series which are in the certain frequency of *f* For the two signals from channel *i* and *j*, COH~i,j~ (*f*) is the spectral coherence between them and will be calculated from Eq. 2:\[[@ref10]\]

![](JMSS-8-87-g007.jpg)

Where *S~i,j~* (*f*) or cross spectrum is the function of frequency which calculates dependency of two signals (channel *i* and *j*) in time domain *S~i,j~* (*f*) and *S~i,j~* (*f*) are auto spectrum, these functions can be calculated from Welch method. Spectral coherence value is from 0 to 1, 1 denotes the highest similarity between channels and 0 denotes no similarity.

Statistical test {#sec2-5}
----------------

We used independent samples *t*-test to investigate two groups of professional pianists and normal people. This test computes mean and standard deviation of these two groups and determines that these two groups have significant differences according to a certain *P* value or not. Before applying this test, we must test whether our data have normal distribution or not. If not, we cannot use *t*-test. To test this fact, we used Kolmogorov--Smirnov (K-S) test. Finally, we tested and knew the normal distribution of data, then we could apply independent t- test.

Results {#sec1-3}
=======

In this section, results of two memory tasks, PRM and SWM, are shown in separate sections.

Pattern recognition memory examination {#sec2-6}
--------------------------------------

In this section, results of difference between EEG signals of the professional pianists and normal group in five frequency bands are reported as they done PRM test. [Figure 5](#F5){ref-type="fig"} shows connectivity results of these two groups for five frequency bands: delta, theta, alpha, beta, and gamma. As we said earlier, spectral coherence was calculated for pair of electrodes. Moreover, results of independent *t*-test are reported in Tables [1](#T1){ref-type="table"}-[5](#T5){ref-type="table"}.

![Spectral coherence graph between brain channels in pattern recognition memory in frequency bands. Blue color shows significant difference lower than 0.05 and red color shows significant difference lower than 0.01](JMSS-8-87-g008){#F5}

###### 

Significant difference in pair of electrodes for delta frequency band as results of independent *t*-test

![](JMSS-8-87-g009)

###### 

Significant difference in pair of electrodes for theta frequency band as results of independent *t*-test

![](JMSS-8-87-g010)

###### 

Significant differences in pair of electrodes for alpha frequency band as results of independent *t*-test

![](JMSS-8-87-g011)

###### 

Significant differences in pair of electrodes for beta frequency band as results of independent *t*-test

![](JMSS-8-87-g012)

###### 

Significant differences in pair of electrodes for gamma frequency band as results of independent *t*-test

![](JMSS-8-87-g013)

Significant pairs of electrodes in delta frequency band as results of independent *t*-test are list in [Table 1](#T1){ref-type="table"}. As you can see, some pair of electrodes in right hemisphere had significant differences (*P* \< 0.05), and spectral coherence values of the pianist were lower than normal group. Furthermore, there was *P* value of lower than 0.01 in P8-T8 pair electrode in beta frequency band.

[Table 2](#T2){ref-type="table"} shows significant differences (*P* \< 0.05) in pair of electrodes for theta frequency band. Mean spectral coherence values of pianists are lower than normal people in this frequency band too.

[Table 3](#T3){ref-type="table"} shows mean and standard deviation spectral coherence values of two groups for pair of electrodes which had significant differences (*P* \< 0.05) in alpha frequency band. In this band, mean spectral coherence values in professional pianist are lower than normal people.

[Table 4](#T4){ref-type="table"} belongs to beta frequency band; in this table, results of independent *t*-test are shown. As you can see in [Table 5](#T5){ref-type="table"}, for T8-P8 pair, *P* value was lower than 0.01, and in the other two pairs, it was lower than 0.05. Furthermore, spectral coherence values of normal people in these pairs were higher than professional pianists.

According to [Table 5](#T5){ref-type="table"}, in six pairs, there were significant differences (*P* \< 0.05) as results of independent *t*-test. There is a more significant pair of electrodes in gamma frequency band than other frequency bands.

In all of these tables, there were two common results: (1) significant differences in a pair of electrodes were in right hemisphere and (2) values of spectral coherence in professional pianists were lower than normal people.

Spatial working memory examination {#sec2-7}
----------------------------------

In this section, results of spectral coherence graph and independent *t*-test in a pair of electrodes are shown while two groups were doing SWM test. [Figure 6](#F6){ref-type="fig"} shows spectral coherence graph for five frequency bands and Tables [6](#T6){ref-type="table"}-[10](#T10){ref-type="table"} list mean and standard deviation spectral coherence values and also *P* \< 0.05.

![Spectral coherence graph between brain channels in spatial working memory in frequency bands. Blue color shows significant difference lower than 0.05 and red color shows significant difference lower than 0.01](JMSS-8-87-g014){#F6}

###### 

Significant differences in pair of electrodes for delta frequency band as results of independent *t*-test

![](JMSS-8-87-g015)

###### 

Significant differences in pair of electrodes for theta frequency band as results of independent *t*-test

![](JMSS-8-87-g016)

###### 

Significant differences in pair of electrodes for alpha frequency band as results of independent *t*-test

![](JMSS-8-87-g017)

###### 

Significant differences in pair of electrodes for beta frequency band as results of independent *t*-test

![](JMSS-8-87-g018)

###### 

Significant differences in a pair of electrodes for gamma frequency band as results of independent *t*-test

![](JMSS-8-87-g019)

As shown in [Figure 6](#F6){ref-type="fig"}, there were almost significant differences in all the parietal, central, and temporal pair of electrodes. Furthermore, significant differences were in some pair of electrodes with F3 (frontal region). There were significant differences with *P* values lower than 0.01 in P3-Pz pair electrode in delta and theta frequency bands and in P3-C3 pair electrode in beta and gamma frequency bands. There were fewer significant differences in alpha frequency band in comparison to other frequency bands.

According to Tables [6](#T6){ref-type="table"}-[10](#T10){ref-type="table"}, mean of spectral coherence values where *P* values were lower than 0.05 for professional pianist were lower than normal people in all frequency bands, except for Fp1-T7 and Fp2-T7 pairs in gamma frequency band which were higher.

Discussion {#sec1-4}
==========

According to results of spatial working memory examinations, there were significant differences (*P* \< 0.05) in parietal, temporal, and central regions between professional pianists and normal people in all frequency bands while doing working memory test (SWM). As we know, temporal region of brain is responsible for learned skills and functions,\[[@ref21][@ref22]\] and parietal region is responsible for perception of words and sounds and has important role in memory and intelligence.\[[@ref23]\] Furthermore, we have seen in Schulze study,\[[@ref6]\] that there are significant differences at Broca\'s area (in the frontal lobe of the dominant hemisphere), parietal and left hemisphere of pair of electrodes between musician and non-musician in working memory test. Moreover, in Flores-Gutiérrez *et al*. study,\[[@ref24]\] it was observed that coherence of women while listening to pleasant and annoying music had difference and related that to increased transactions in working memory, so here we can conclude that transactions in working memory are higher for a professional pianist that normal people. Furthermore, the pianist person is different from other people that have no skills in piano, as performing skills, remembering subjects, perception of sounds and words, and it is because music effects on human brain and improve its skills.

According to results of iconic memory test for of two groups, PRM, we observed significant differences among coherence values in right pair of electrodes, especially P8 and T8. As we know, right hemisphere of brain is the center for perception of images and sounds and also creativity of human arises from this region. Therefore, we can conclude that there are differences between coherence of EEG signals of professional pianists and normal people and these arise from the difference between the ability of perception, creativity, and emotion of these two groups as results of music effects on human brain. Indeed, this study evaluated the effects of a certain skill in music, playing piano, on memory of human, maybe other music skills or the other nonmusical skills have different effects on memory, maybe it\'s severity or intervention be different. However, this study can help researchers into this field.

As a subject, we can say that this study evaluated average of effects of music skill (playing piano) in a number of subjects, but it needs to evaluate subject to subjects independently and consider intervariability of subjects. Future works can evaluate this problem.

Conclusion {#sec1-5}
==========

Today, neuroscience obtained great advances and studies about evaluation effects of different factors on memory have important achievements. One of these achievements is evaluation music in human\'s life and its effects on behavior. In this study, we evaluate the spectral coherence of professional pianists and normal people using some memory tests: SWM and PRM. After processing EEG signals of these two groups with appropriate filters, spectral coherence values of pair of electrodes were computed and then significant differences were determined using independent samples *t*-test. Our results showed the differences between EEG signals of pianists and normal people as results of the effects of music on the brain. Furthermore, different regions between these two groups determined: temporal, parietal, and central. These regions are related to learned skills and functions, perception of words, sounds and have an important role in memory and intelligence.
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